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[57] summer 
An integrated circuit for a passive unit counting mem 
ory card comprises p levels (10, 11, 12) of data counting 
memory. The levels contain corresponding numbers of 
cases n1 . . . up, a write operation being achieved in a 
case of an upper rank level each time all the cases of the 
lower rank level have been enabled, the cases of the 
lower levels then being erased. The circuit comprises 
p-l ghost levels (21, 22) identical to the p~1 upper rank 
levels of the p counting levels. The addressing logic of 
the ghost levels is such that the cases of ghost levels are 
addressed in write phase simultaneously with the cases 
of the corresponding counting levels and, after a write 
phase, are addressed in erase phase simultaneously with 
the cases of the levels of lower rank than the one that 
has just been enabled. 

4 Claims, 3 Drawing Sheets 
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DATA COUNTING MEMORY CARD AND READER 

BACKGROUND OF THE INVENTION 

The present invention relates to “passive” integrated 
circuits included in a portable support. Here, a “pas 
sive” integrated circuit designates a circuit with no 
internal microprocessor but comprising only a memory 
and decoding means for, in response to a limited number 
of control signals, sequentially accessing successive 
cases of the memory and achieving in the memory read, 
write or erase operations. 

Hereinafter, for the sake of simplicity, memory cards 
only will be referred to because they are the most 
broadly used support, but it is clear that any other por 
table support can be used. Thus, below, “memory card” 
designates the assembly of an integrated circuit, its con 
necting terminals and any portable support that can be 
associated to a reader. 
A common application of memory cards is prepaid 

telephone cards. In such cards, memory cases are ini 
tially set to a predetermined state, and this state is modi 
?ed in response to external pulses corresponding, for 
example, to telephone units or to pay units for any ser 
vice provided by a reader into which the card is in 
serted. 
The invention more particularly relates to cards in 

which the data counting memory is an electrically eras 
able memory, for example an EEPROM-type memory, 
that is, an Electrically Erasable Programmable Read 
Only Memory. 
FIG. 1 very schematically shows the main compo 

nents of a semiconductor memory usable in a memory 
card of this type. conventionally, this card is associated 
to a reader with which the card communicates through 
six connecting pads: two power supply pads V35 and 
VCC, an output pad OUT and three programmation 
pads A, ST and B. Programmation pads provide signals 
to an array of logic circuits or programmable logic 
array 1 to control a column decoder 2 (Y DEC) and a 
line decoder 3 (X DEC) both associated to an EE 
PROM 4. Logic circuits 1 also enable, as a function of 
control signals, to set the memory in read state (R), 
write state (W) or erase state (E). In read state, the 
addressed memory case is read, that is, its state is pro 
vided to the OUT pad. In write state, the state of the 
addressed memory case is set to 1. In erase state, a set of 

‘ simultaneously addressed cases is reset. More particu 
larly, control pads A, ST and B are generally provided 
to receive either one of three control orders: a reset 
order which establishes a positioning on the address of 
the ?rst memory bit, a read order which enables incre 
menting the memory address and outputting the value 
of the addressed case, and a programmation order 
which enables reversing the state of the addressed case 
or cases to achieve a write or erase operation. Accord 
ing to a characteristic of this type of memory, it is not 
possible to simultaneously address in read, write or 
erase mode distinct locations of the memory. 
One of the advantages of an EEPROM is that the 

memory can be arranged in an abacus-type system. This 
means that the memory is arranged in several levels 
each comprising a determined number of cases. Each 
time a lower rank level is full, a case of immediately 
upper rank level is enabled and the cases of the lower 
rank level are erased. Thus, for example, with three 
8-case levels, at least 8X8X8 data can be counted in 
stead of 8+ 8+ 8 data only if the memory is not erasable. 
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2 
The state of the art and the invention will be described 
hereafter in the case of three levels each comprising 
eight cases, but it will be clear to those skilled in the art 
that a larger number of levels can be used and that the 
levels will not necessarily have the same number of 
cases. Generally, it is possible to provide p levels each 
comprising n; (i=1 . . . p) cases; thus, it will be possible 
to store in the memory n1 XngX. . . Xnp data. By way 
of example, one will only consider a logic con?guration 
wherein lower rank levels are sequentially erased after 
writing is achieved in an upper rank register. 
The basic arrangement of an abacus-type memory is 

illustrated in FIG. 2 which shows three 8-case levels 10, 
11 and 12 addressable through a column decoder (Y 
DEC) and a rank decoder (X DEC). 
FIGS. 3A, 3B and 3C show a ?rst exemplary ?lling of 

levels or registers arranged as an abacus-counter. In 
FIG. 3A, the lower rank level 10 is full, and levels 11 
and 12 are empty. At the step illustrated in FIG. 3B, 
once level 10 is ?lled, decoders X and Y set the address 
ing to the lower case of level 11 and a “l” is written in 
this level. At the step of FIG. 3C, the whole content of 
level 10 is erased. Then writing is resumed at the lower 
rank case of level 10 (not shown). 
Of course, these successive addressing operations are 

ensured by the reader associated to the card which 
comprises logic circuits adapted to achieve these opera 
tions. In particular, the reader ?rst starts, when a card is 
inserted therein, reading the content of all memories to 
determine the card state and setting the addressing to 
achieve. Thus, the reader “knows” in which ?lling state 
the various levels are, and can ensure the proper ad 
dressing control. However, as indicated above, it is only 
possible to achieve at a determined period a read, write 
or erase operation, that is why the transition from the 
state shown in FIG. 3A to the state shown in FIG. 3C 
has to be achieved by passing through the intermediate 
state shown in FIG. 3B. 
FIGS. 4A-4E illustrate other exemplary successive 

states of the memory levels. In FIG. 4A, levels 10 and 
11 are full and three cases of level 12 have been filled. 
At the step shown in FIG. 4B, an additional bit is writ 
ten in level 12. At the step shown in FIG. ‘C, the con 
tent of level 11 is erased. At the step illustrated in FIG. 
4D, an additional bit is written in level 11. During the 
step shown in FIG. ‘E, the content of level 10 is erased. 
The writing of a 1 at the step of FIG. 4D enables a 
storing operation by multiples of 8 instead of 9; more 
over, the logic circuits of the reader “know” that, as 
soon as a datum is written in register 12, at least one 1 
must exist in register 11. This can be used to detect a 
possible error. 
The above description corresponds to the state of the 

art in order to exemplify the ?eld of application of the 
invention. 
The above described arrangement has a drawback; 

namely, if for any reason, card processing is abruptly 
interrupted during the state illustrated in FIGS. 3B, 4B 
or 4D, that is, when the levels with a lower rank than 
the one in which a datum has just been written have not 
yet been erased, the card will remain in this state when 
it is inserted again into the reader. Hence, the memory 
will have been charged with a number of units higher 
than the service that has been effectively provided (8 
excessive units in the case of FIGS. 38 or 4D, 8 X 8:64 
units in the case illustrated in FIG. 4B). This drawback 
is particularly liable to occur in modem card readers in 
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which the card is not swallowed by the reader but re 
mains apparent, that is, the user can abruptly take out 
his card at an intermediate state corresponding to 
FIGS. 3B or 4B-4D. The user will then be unduly 
charged. 

SUMMARY OF THE INVENTION 

An object of the invention is to avoid this drawback 
and to ensure, when the card is subsequently used, the 
erasing of the lower rank levels which would not have 
been erased at the end of a previous operation. 
To achieve this object, the invention provides an 

integrated circuit for a “passive” counting unit on a 
portable support. The counting unit comprises p data 
counting memory levels for counting data including a 
corresponding amount of cases n1 . . . Ilp, a write opera 
tion being achieved in a case of an upper rank level each 
time all the cases of the lower rank level have been 
enabled, the cases of the lower levels being then erased. 
The circuit further comprises (p-l) ghost levels identi 
cal to p-l upper rank levels of the p counting levels, the 
addressing logic of the ghost levels being such that the 
cases of these ghost levels are simultaneously addressed 
in write phase with the cases of the corresponding 
counting levels and, after a writing, are addressed in 
erase phase simultaneously with the cases of the levels 
lower than the one that has just been enabled. 
According to an embodiment of the invention, a read 

decoder associated with each memory level enables, 
during write phases, simultaneously addressing the cor 
responding ghost level and during erase phases of the 
upper rank ghost level. 
A reader associated with a portable support accord 

ing to the invention comprises initial reading means for 
all the cases of the ghost levels and means sensitive to a 
write operation in a case of a ghost level to simulta 
neously erase this case of the ghost level and the cases 
of the data counting level having a lower rank. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advan 
tages of the invention will be apparent from the follow 
ing detailed description of a preferred embodiment as 
illustrated in the accompanying figures wherein: 
FIGS. 1, 2, 3A-3C, 4A-4E, above described, are 

intended to explain the ?eld of application of the inven 
tion; 
FIGS. 5A-5E are intended to illustrate in the case of 

a preferred example the process implemented by the 
device according to the invention; and 
FIG. 6 shows in more detail a preferred embodiment 

of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIGS. 5A-5E show three data counting levels as part 
of the same example as the one above described in rela 
tion with FIGS. 4A-4E. 
According to the invention, in addition to data count 

ing levels 10, 11, 13 above described, ghost levels corre 
sponding to the upper levels of the counting levels are 
provided in EEPROM 4 of FIG. 1. Thus, in the speci?c 
example above described, where three 8-bit counting 
levels 10, 11 and 12 are provided, two 8-bit ghost levels 
21 and 22 are provided. More generally, if there are p 
counting levels comprising n1 . . . up cases, respectively, 
there will be p-l ghost levels comprising n2. . . in, cases, 
respectively. 
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4 
During writing of a 1 in one of levels 11 and 12, a 1 

will be simultaneously written in the corresponding 
case of the corresponding ghost level 21 or 22 and, 
during each erase phase of a lower rank level following 
writing of a 1 in the upper rank counting level, the 1 
written in the ghost level will be simultaneously erased. 

In FIGS. 5A-5E, the successive states of levels 10, 11 
and 12 are similar to the successive states of these levels 
in FIGS. 4A-4E. In the state of FIG. 5A, all bits of the 
ghost levels 21 and 22 are set to zero. In the state of 
FIG. 5B, when a 1 is written in the fourth case of level 
12, a 1 is simultaneously written in the fourth case of 
level 22. In the state of FIG. 5C, when level 11 is erased, 
level 22 is simultaneously erased. In the state of FIG. 
5B, when a 1 is written in the last case of level 11, a 1 is 
simultaneously written in the last case of level 21. In the 
state of FIG. 5B, while level 10 is erased, level 21 is 
simultaneously erased, so that the ghost levels are emp 
tied again. 

Thus, if the operations achieved in the memory card 
by the reader are abruptly interrupted during the inter 
mediate steps occurring between FIGS. 5B and 5C or 
5D and 5E, when the card is subsequently introduced 
into a reader, the reader will detect the 1 written in the 
ghost level 22 or 21 and will be able to initiate the opera 
tions necessary for obtaining the state shown in FIG. 5E 
before achieving any new data counting operation in 
the card. It will be noted that the described method 
does not allow detecting an accidental interruption 
between the states of FIGS. 5C and 5D, the reference 
registers being then empty, but such an error state can 
be detected by the existing circuits, as above indicated. 
Given the desired operation of the circuit according 

to the invention above described, those skilled in the art 
will be able to achieve the decoding operations adapted 
to ful?ll adequate functions. Hereafter, will be indicated 
by way of example only, a preferred circuit embodi~ 
ment for simultaneously writing a l in the upper rank 
level and in the corresponding reference register, then 
for simultaneously erasing the reference registers and 
counting registers having a lower rank than the one in 
which a datum has just be written. 
FIG. 6 very schematically shows decoding circuits 

associated with counting levels 10, 11 and 12 and with 
two corresponding ghost levels 21 and 22. In this ?gure, 
Y-decoder 2 (DEC Y) is still very schematically repre 
sented as being associated with a circuit 6 for determin 
ing the write, read or erase (W, R, E) mode. Circuits 2 
and 6 are controlled by conventional logic circuits 1 
shown in the form of blocks in FIG. 1. Levels 10, 11 and 
12 can be X-addressed by address lines A10, A11 and 
A12 provided by the row decoder DECX3 shown in 
the form of blocks in FIGS. 1 and 2. Address lines A21, 
A22 are also provided for designating rows correspond 
ing to levels 21 and 22. ' 
Between each address line A10, A11 and A12 and 

each level 10, 11 and 12 is inserted a logic block 30, 31 
and 32, respectively, and between each address line 
A21, A22 and each level 21 and 22 is inserted a logic 
block, 41 and 42, respectively. Only logic blocks 31 and 
41 will be described, logic blocks 30, 31 and 32 being 
identical, as well as logic blocks 41 and 42. 

Logic block 31 comprises two-input AND gates 33 
and 34, an OR gate 35 and a buffer 36 liable, as a func 
tion of the W/R/E / order from block 6, to achieve a 
write, read or erase operation in row 11. In addition, 
write control lines W and erase control lines E, corre 
sponding to the states in block 6, are provided. AND 
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gate 33 has a ?rst reversing input connected to line B. 
The second input of AND gate 33 is connected to ad 
dress line All (this line All is also connected to the 
second input of the AND gate 34 of lower rank block 
30). The ?rst input of AND gate 34 is connected to line 
E. The second input of AND gate 34 is connected to 
address line A12 of the upper rank level. The outputs of 
AND gates 33 and 34 are applied, through OR gate 35 
and buffer 36, to row 11. 
Logic block 41 comprises three AND gates 43, 44 

and 45, the outputs of which are applied through an OR 
gate 46 and an amplifying circuit 47 to row 21. The ?rst 
input of AND gate 43 is connected to line B. The sec 
ond input of AND gate 43 is connected to address input 
A11. The ?rst input of AND gate 44 is connected to 
write line W and its second input is connected to ad 
dress line All. The ?rst input of AND gate 45 is con 
nected to address ~line A21 and the second and third 
inputs of AND gate 45 are reversing inputs connected 
to write line W and erase line 15, respectively. 
These logic circuits operate as follows. Ghost levels 

21 and 22 can be selectively addressed to determine 
their content by providing address signals to address 
lines A21 and A22, respectively, and of course by prop 
erly incrementing the column decoder 2. This speci?c 
addressing of levels 21 and 22 is possible only when the 
write or erase phases are not achieved because of the 
two reverse inputs connected to the write and erase 
lines of the AND gate 45. 
However, during the write phase and when row 11 

has been designated by address A11, on the one hand, 
row 11 is designated by address All by AND gate 33 
and, on the other hand, row 21 is addressed by AND 
gate 44 which is enabled by address All and write line 
W. Thus, a 1 is simultaneously written at a same Y 
location in rows 11 and 21. 
Then, a state corresponding to the one of FIG. 5B is 

obtained. If an interruption occurs, this state will be 
detected when the card is inserted again in the reader 
during the reading of level 21 because of the operation 
of address line A21. 

If no interruption has occurred, address All remains 
selected, write line W is set low, and erase line B is set 
high, while all columns are selected to be erased by Y 
decoder 2 and logic circuit 6. Then, AND gate 33 of 
level 31 is inhibited by the occurrence of the erase signal 
whereas AND gate 34 of level 30 is enabled by address 
signal A11 and erase signal E. Thus, all columns in row 
10 are simultaneously erased. At the same time, the high 
level signal on lines A11 and E enables AND gate 43 of 
logic circuit 41, and all the cases of row 21 are also 
selected tobe erased. 
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As is apparent to those skilled in the art, various 

modi?cations can be made to the above disclosed em 
bodiments of the invention, in particular as regards the 
number of cases of the various levels and the number of 
levels. On the other hand, in the above described em 
bodiments, validations have been indicated by states 1 
or states 0. It is clear to those skilled in the art that it is 
possible to achieve a coherent system in which high 
states and low states are inverted. In addition, only the 
portions'of the memory card and of the reader useful for 
understanding the invention have been described. It is 
obvious that the card comprises other conventional 
characteristics. For example, the memory will contain 
non'erasable identi?cation areas, various protection 
circuits, for example to avoid overwriting, these protec 
tion circuits can be modi?ed to implement the inven 
tion. 
We claim: 
1. A passive unit counting integrated circuit for a 

portable support comprising: 
p memory levels for counting data containing corre 

sponding numbers of memory cases n1 . . . up, a 

write operation being carried out for a case of an 
upper rank level when all cases of lower rank level 
have been enabled, said lower level cases being 
then disabled, 

(p-l) ghost levels identical to the p-l upper rank lev~ 
els of the p memory levels for counting, the ad 
dressing logic of the ghost levels being such that 
the cases of said ghost levels are addressed in a 
write phase simultaneously with the respective 
cases of the corresponding counting levels and, 
after a write phase, are addressed in an erase phase 
simultaneously with the cases of the memory levels 
of lower rank than the rank that has just been en 
abled. 

2. A circuit according to claim 1, comprising a read 
decoder associated with each memory level for simulta 
neously addressing, during write phases, the corre 
sponding ghost level of a same rank. 

3. A circuit according to claim 1, comprising a read 
decoder associated with each memory level for simulta 
neously addressing, during erase phases, the upper rank 
ghost level. 

4. A reader associated with a portable support includ 
ing an integrated circuit according to claim 1, compris 
mg: 
means for initially reading all the memory cases of the 

ghost levels, and 
means responsive to a write operation in a case of a 

ghost level to simultaneously erase said case of the 
ghost level and the cases of the lower rank level of 
the memory levels for counting. 
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